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BACKGROUND OF THE INVENTION 
5 1. Field of Invention 

The present invention relates generally to data communication systems. More 
particularly, the present invention relates to systems and methods for substantially 
automating the computation of a circuit path through a bi-directional line switched ring 
that meets common time slot requirements. 

10 

2. Description of the Related Art 

The demand for data communication services is growing at an explosive rate. 
Much of the increased demand is due to the fact that more residential and business 
computer users are becoming connected to the Internet, Furthermore, the types of traffic 
1 5 being carried by the Internet are shifting from lower bandwidth applications towards high 
bandwidth applications which include voice traffic and video traffic. 

To address the demand for data communication services, the use of optical 
networks, such as a synchronous optical network (SONET), is becoming more prevalent. 
20 A SONET network is an example of a time division multiplexed (TDM) network. TDM 
networks generally allocate single lines to be used amongst multiple users, or customers 
of data communication services. The single lines may each be divided into slots of time 
during which each user has access to the single lines. 

25 A network such as a TDM network is generally designed to ensure that 

information may be transferred between nodes within the network. Often, within a 
network, information is transferred between two specified nodes, i.e., a source node 
which sends information and a destination node which receives information. When 
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information is to be sent between a source node and a destination node, a circuit path 
between the two nodes must be computed so that leased line services may be provided. 

In general, a network may include at least one bi-directional line switched ring 
(BLSR). A BLSR generally allows data traffic to be sent in opposite directions. That is, 
for a bi-directional ring, traffic is typically routed such that both directions of a two-way 
connection travel along the ring using the same ring nodes, but in opposite directions. A 
BLSR may typically include either two fibers or four fibers. A two fiber BLSR is a ring 
in which traffic is normally routed in both directions, i.e., in a clockwise direction and a 
counter-clockwise direction. 

Fig. la is a diagrammatic representation of a BLSR which may be part of a 
network. A BLSR 104 includes network elements such as nodes 108 and fibers 112. 
Nodes 108 are communicably connected to other nodes 108 using fibers 1 12. BLSR 104, 
as shown, is a two-fiber BLSR as any link between two nodes 108 uses two fibers 1 12. 
Within BLSR 104, when data traffic is to travel between node A 108a and node B 108b, 
the point or node 108b at which the data traffic enters determines the direction in which 
the data traffic is routed. 

When data traffic enters at node A 108a and is to exit at node B 108b, then the 
data traffic travels in a substantially clockwise direction 116 along fiber 1 12a. 
Alternatively, when data traffic enters at node B 108b and is to exit at node A 108a, then 
the data traffic travels in a substantially counter-clockwise direction 120 along fiber 
112b. 

When a fiber, e.g., fiber 1 12a, fails, that fiber may no longer be used to route data 
traffic. That is, when fiber 1 12a fails, fiber 1 12a may not be used to transfer data 
between node A 108a and node B 108b in a clockwise direction. As fiber 1 12b is used to 
transfer data between node B 108b and node A 108a in a counter-clockwise direction, 
data typically may not be routed from node A 108a to node B 108b using fiber 1 12b. 



Attorney Docket No. CISCP693 



2 



Patent 



Hence, when fiber 1 12a fails, an attempt generally must be made to identify an alternate 
route between node A 108a and node B 108b. 

With reference to Fig. lb, the identification of an alternate path between nodes, 
5 i.e., node A 108a and node B 108b, will be described. Within BLSR 104, when fiber 
1 12a fails, an alternate path which routes data traffic in a clockwise direction from node 
A 1 08a to node B 108b is identified to allow data traffic to be routed to node B 108b 
from node A 108a. As shown, an alternate clockwise path 124 from node A 108a to node 
B 108b uses fiber 1 12g, fiber 1 12e, and fiber 1 12c. That is, alternate path 124 passes 
10 from node A 108a to node C 108c using fiber 1 12g, passes from node C 108c to node D 
108d using fiber 1 12e, and passes from node D 108d to node B 108b through fiber 1 12c. 

Typically, within a BLSR, there are protected time slots or channels. Specifically, 
each fiber within a BLSR may be divided into channels. By way of example, if a fiber is 
15 a link which meets OC-48 requirements associated with SONET standards, i.e., if a fiber 
is an OC-48 link, then the fiber has twenty four working channels or time slots and 
twenty four protected channels or time slots. The twenty four working channels may be 
the first twenty- four channels on a OC-48 link, while the twenty four protected channels 
may be the last twenty-four channels on the OC-48 link. 

20 

Working channels of a fiber or a link are allocated for use to transfer data between 
nodes which are communicably connected by the fiber or the link. The number of 
available channels on a link at any given time effectively defines the bandwidth on the 
link. Fig. 2a is a diagrammatic representation of two fibers between nodes that a part of a 

25 BLSR. A node A 204 and a node B 208 are in communication through fibers 212, 216. 
Fiber 212 may be arranged to transfer data from node A 204 to node B 208, whereas fiber 
216 may be used to transfer data from node B 208 to node A 204. That is, fiber 212 may 
be used to transfer data in a clockwise direction from node A 204 to node B 208, while 
fiber 216 may be used to transfer data in a counter-clockwise direction from node B 208 

30 to node A 204. 
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Fiber 212 includes channels 220, or time slots, and fiber 216 includes channels 
224. Channels 220, 224 include both working channels, i.e., channels through which data 
is routed under most conditions, and protected channels, i.e., channels through which 
5 circuit paths are routed when a selected working channel fails. As will be appreciated by 
those skilled in the art, a working channel generally has an associated protected channel. 
By way of example, if fibers 212, 216 are OC-48 links, then a working channel in a fifth 
time slot associated with fiber 212 is associated with a protected channel in a twenty- 
ninth time slot associated with fiber 212. In the event that the fifth time slot goes down, 
10 the data that was intended to be transferred through the fifth time slot is transferred 
through the twenty-ninth time slot instead. 

Typically, within a BLSR, time slots used to transfer data must be consistent, i.e., 
the same. In other words, if data is to be transferred from node A 204 to node B 208, 
1 5 then from node B 208 to another node, the channel 220 used in fiber 212 must be the 

same as the channel used in a link between node B 208 and the other node. As shown in 
Fig. 2b, if data is transferred across a channel '5' 220a from node A 204 to node B 208, 
then that same data is transferred across a channel '5' 256a on a link 252 between node B 
208 and a node C 248. 

20 

The use of consistent time slots throughout a circuit path segment in a BLSR 
substantially ensures that the failure of a link between a source node and a destination 
node does not prevent data from being successfully transmitted between the source node 
and the destination node. For instance, referring back to Fig. lb, if a transmission is 

25 intended to be sent from node A 108a to node B 108b on channel "5" across link 1 12a, 
and link 1 12a fails, then the transmission is sent from node A 108a to node B 108 on 
channel "29" on link 1 12g, link 1 12e, and link 1 12c. As discussed above, working 
channel "5" is associated with protected channel "29." If inconsistent channels are used 
in a circuit path segment, e.g., if channel "5" 220a and channel "7" 256b as shown in Fig. 

30 2c are used, to transmit data between two nodes, then if one of the channels fails, the 
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destination node is not aware of whether it should expect a transmission over a protected 
channel "29" or a protected channel "30 as specified by BLSR protocols. Hence, the 
transmission of the signal may be unacceptably delayed while it is determined which 
channel the destination node should expect a transmission from. 

5 

Circuit paths are often protected such that a failure of a node associated with a 
path does not prevent data which would have been routed through the path from being 
successfully transmitted. In general, substantially all network links of a BLSR much use 
the same channels or time slots such that a path which uses the network links is protected 
10 even when a node fails. For example, if an intermediate node between a source node and 
a destination node fails, then the use of consistent channels allows the destination node to 
be substantially instantly aware of which protected channel of an alternate route to expect 
a transmission to be received over. 

15 Identifying time slots which are available throughout a BLSR is generally a task 

that is performed by a network administrator. Typically, each node of a BLSR is aware 
of which channels or time slots are available on physical links which are associated with 
the BLSR. Hence, the network administrator may access substantially any node in the 
BLSR to determine which channels are available for routing a circuit path segment 

20 through the BLSR. Fig. 2c is a diagrammatic representation of nodes A 204, node B 

208, and node C 248 of Fig. 2b. For ease of illustration, only channels of fibers 212, 252 
are shown. When a path through a BLSR ring is to be created beginning at node A 204, 
e.g., a source node, and ending at node C 248, e.g., an end node, to ensure that a 
protected path is possible even in the event of a nodal failure, it is determined which 

25 working channels are available between node A 204 and node B 208, as well as between 
node B 208 and node C 248. 

As will be appreciated by those skilled in the art, node A 204 is aware of which 
channels 220 are available between node A 204 and node B 208, as well as all other 
30 channels within a BLSR. If channel '5' 220a is available between node A 204 and node 
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B 208, but substantially only channel '7 y 256b is available between node B 208 and node 
C 248 , then if protection in the event of a nodal failure is desired, it must be determined if 
channel '7' between node A 204 and node B 208 is available for use. 



5 When a circuit path that uses a BLSR to be routed, a network administrator 

conventionally studies the available channels between nodes of the BLSR through which 
a circuit path is to be created. Then, the network administrator manually selects the 
channel which is to be used between all nodes of the BLSR, and creates the circuit path 
through the selected channel, e.g., when a path protection is desired. Manually routing a 
10 path between a source node and a destination node in a BLSR such that each link uses the 
same time slot is time consuming and, hence, inefficient, particularly in large networks. 
For instance, BLSRs may include up to sixteen nodes. Further, when a path is manually 
routed, the likelihood that the path is routed incorrectly increases. Such an error may 
cause an overall network to operate inefficiently. 

15 

Therefore, what is needed is an efficient method and apparatus for causing 
network links in a BLSR to use the same time slot. That is, what is desired is an efficient 
system which enables links of a circuit path within a BLSR which use the same time slots 
to be created substantially automatically. 

20 

SUMMARY OF THE INVENTION 

The present invention relates to a system for substantially automatically creating a 
25 circuit path through a bi-directional line switched ring such that the same, or common, 
time slots are used in the links of the circuit path. According to one aspect of the present 
invention, an apparatus for creating a path between a first network element and a second 
network element through a third network element that is in communication with the first 
network element across a first link and in communication with the second network 
30 element across a second link includes a querying device, a comparator, and a routing 
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device. The querying device is arranged to substantially automatically identify at least a 
first time slot associated with the first link that is available for use in transferring data 
between the first network element and the third network element. The querying device 
further also substantially automatically identifies at least a second time slot associated 
5 with the second link that is available for use in transferring data between the third 
network element and the second network element. The comparator compares the first 
time slot and the second time slot to determine when the first time slot and the second 
time slot are consistent, and the routing device substantially automatically computes the 
path between the first network element and the second network element using the first 
10 time slot of the first link and the second time slot of the second link when the first time 
slot and the second time slot are consistent, e.g., common. 

m In one embodiment, the querying device identifies time slots associated with the 

.J: first link that are available for use in transferring data between the first network element 
H 15 and the third network element, and also identifies time slots associated with the second 
if, link that are available for use in transferring data between the third network element and 

the second network element. In such an embodiment, the comparator may compare the 
m time slots associated with the first link that are available for use in transferring data 
: :s f between the first network element and the third network element and the time slots 

O 20 associated with the second link that are available for use in transferring data between the 
5 " third network element and the second network element. Such a comparison enables a 

subset of time slots associated with the first link that are consistent with a subset of time 

slots associated with the second link to be identified. 

25 An apparatus that enables time slots which are consistent, e.g., common, with 

respect to different links in a bi-directional line switched ring to be identified enables a 
circuit path through the bi-directional line switched ring to be readily computed. 
Automatically identifying common time slots within a bi-directional line switched ring 
substantially eliminates the need to manually create circuits through segments of the bi- 
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directional line switched ring Hence, the creation of a path which meets common time 
slot requirements to be met may be efficiently created. 

According to another aspect of the present invention, a bi-directional line 
5 switched path ring includes a source node being arranged to receive information from an 
information source, a destination node, and at least one intermediate node. A first link, 
which includes a first plurality of channels, enables the source node to be in 
communication with the intermediate node therethrough, and a second link that includes 
a second plurality of channels enables the intermediate node and the destination node to 

10 be in communication therethrough. The source node includes a first indicator that is 
arranged to identify a first channel included in the first plurality of channels as being 
available for use in transferring the information across the first link, and the intermediate 
node includes a second indicator that is arranged to identify a second channel included in 
the second plurality of channels as being available for use in transferring information 

15 across the second link. When first channel included in the first plurality of channels is 
substantially the same as the second channel included in the second plurality of channels, 
the source node includes a third indicator which identifies both the first channel included 
in the first plurality of channels and the second channel included in the second plurality 
of channels as being available for use in transferring the information from the source 

20 node to the destination node. 

In one embodiment, the source node identifies substantially all channels included 
in the first plurality of channels that are available for use in transferring the information 
across the first link. Additionally, the source node also identifies substantially all 
25 channels included in the second plurality of channels that are effectively same as the 
channels included in the first plurality of channels that are available for use in 
transferring the information across the first link. In such an embodiment, the channels 
included in the second plurality of channels that are substantially the same as the 
channels included in the first plurality of channels that are available for use in 
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transferring the information across the first link are identified on the source node as 
virtual links between the source node and the destination node. 

These and other advantages of the present invention will become apparent upon 
5 reading the following detailed descriptions and studying the various figures of the 
drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 
10 The invention may best be understood by reference to the following description 

taken in conjunction with the accompanying drawings in which: 

Fig. la is a diagrammatic representation of a bi-directional line switched ring 
(BLSR) which may be part of a network. 

Fig. lb is a diagrammatic representation of a BLSR which shows a path and an 
1 5 alternate path between nodes. 

Fig. 2a is a diagrammatic representation of two fibers between nodes that a part of 
a BLSR. 

Fig. 2b is a diagrammatic representation of fibers which allow data to be 
transmitted in one direction between nodes of a BLSR. 
20 Fig. 2c is a diagrammatic representation of nodes A 204 ? node B 208, and node C 

248 of Fig. 2b. 

Fig. 3 is a diagrammatic representation of a BLSR with a virtual link in 
accordance with an embodiment of the present invention. 

Fig. 4a is a diagrammatic representation of a BLSR with multiple virtual links 
25 associated with a first source node in accordance with an embodiment of the present 
invention. 

Fig. 4b is a diagrammatic representation of a BLSR, i.e., BLSR 404 of Fig. 4a, 
with multiple virtual links associated with a second source node in accordance with an 
embodiment of the present invention. 
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Fig. 5 is a representation of a general purpose computing system suitable for 
implementing the present invention. 

Fig. 6 is a process flow diagram which illustrates the steps associated with routing 
a path through a BLSR which uses common time slots in accordance with an embodiment 
5 of the present invention. 



DETAILED DESCRIPTION OF THE EMBODIMENTS 

10 Within a network such as a time division multiplexed (TDM) network which is 

subject to synchronous optical network (SONET) standards, manually routing circuit path 
segments between source nodes and destination nodes through a bi-directional line 
switched ring (BLSR) often proves to be time consuming and inefficient. In addition, 
when a path segment is manually routed, the likelihood that the path segment is routed 

15 incorrectly increases. Path segments are often manually routed, as for example when a 
path segment between two nodes in a BLSR is constrained to use consistent time slots or 
channels on links in the BLSR. Conventional algorithms which are used to route path 
segments through a BLSR are typically not able to substantially automatically create path 
segments given constraints which require that consistent time slots be used throughout a 

20 path segment between a source node and a destination node. 

In one embodiment of the present invention, common time slots or channels on 
multiple physical links of a BLSR which enable information to be routed from a source 
node to a destination node are may be substantially automatically identified. By 
25 identifying common time slots on multiple physical links, and advertising the common 
time slots on at least the source node, a routing device may select common time slots 
over which data maybe transferred from the source node to the destination node. 

Automatically selecting common time slots over multiple links between a source 
30 node and a destination node and, hence, automatically creating circuit path segments 



Attorney Docket No. CISCP693 



10 



PATENT 



between the source node and the destination node essentially avoids the need to manually 
create segments of a circuit through a BLSR when common time slots are to be used. 
Automatically creating circuit path segments through a BLSR may substantially limit the 
amount of information propagated through an overall network by effectively restricting 
5 time slot information to being exchanged within the BLSR, and not throughout the 
overall network. 

A network element such as a node in a BLSR generally needs to communicate 
with other nodes in the BLSR about available time slots. When a node determines the 

10 available time slots associated with the BLSR, then a time slot which is common on all 
links of a proposed circuit path segment may be selected for use in transferring data. Fig. 
3 is a diagrammatic representation of a BLSR which advertises common time slots on 
direct physical links and "virtual" links in accordance with an embodiment of the present 
invention. A virtual link may be considered to be a representation of common time slots 

15 on a physical link between a source node and a destination node which includes two or 
more links. That is, a virtual link may represent time slots that are common in a path 
between a source node and a destination node that includes more than one physical, or 
actual link. A BLSR 302 includes network elements, or nodes 306, which are 
interconnected by physical, or actual, links 310. Although BLSR 302 may include either 

20 two or four fibers between nodes 306, for ease of illustration, pairs of fibers are 
represented by links 310. 

Links 310 generally have both working time slots, or channels, and protected time 
slots, or channels. Nodes 306 are generally aware of available time slots associated with 
25 each link 310 within BLSR 302. Each node 306 advertises the available time slots within 
BLSR 302. As shown, source node A 306a advertises time slots 314a, 314b which are 
available to transfer data between node A 306a and node B 306b, and node A 306a and 
node D 306d, respectively. 
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Node A 306a also advertises a virtual link 318 between node A 306a and 
destination node C 306c. To determine virtual link 318 which, in the described 
embodiment, reflects time slots which are consistent, e.g., common or the same, on link 
3 1 0a and 3 1 Ob, node A 306a may process information pertaining to link 310a and link 
5 3 1 0b to identify common time slots. Node A 306a may then form virtual link 318, and 
advertise virtual link 318. 

When a circuit path segment is to be routed between node A 306a and node C 
306c, node A 306a may select common time slots associated with virtual link 318 for use 
10 in routing the circuit path segment. It should be appreciated that although a virtual link 
318 is effectively selected for use in routing a path segment, the actual path segment is 
routed on physical links associated with the common time slots identified by virtual link 
318. 

15 With reference to Fig. 4a, the determination of virtual paths between a source 

node and a destination node will be described in more detail in accordance with an 
embodiment of the present invention. A BLSR 404 includes nodes 408 which may be 
interconnected by links 412 or, more specifically, fibers. In the described embodiment, 
BLSR 404 is a two fiber BLSR, although it should be understood that BLSR 404 may 

20 also be a four fiber BLSR. Additionally, the transport rates associated with BLSR 404 
may vary. By way of example, BLSR 404 may be compliant with an OC-48 transport 
rate, an OC-192 transport rate, or an OC-768 transport rate. It should be appreciated that 
BLSR 404 may generally be interconnected with different protection architectures, e.g., 
BLSR 404 may be in communication with a uni-directional path switched ring (UPSR). 

25 

Data that is to be routed, e.g., in a clockwise direction, through BLSR 404 is 
provided to a source node A 408a from an external node 418. External node 418 is 
typically a termination or destination node of a segment of an overall circuit path which 
is to be routed through BLSR 404. External node 418 may be in communication with 
30 node A 408a through a link 420. 
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In order for data to be routed through BLSR 404 such that common working time 
slot or channel requirements may be substantially met, source node A 408a effectively 
advertises links, or more specifically, time slots, e.g., TDM time slots, that are available 
5 for use with respect to node A 408a. Such links may include physical links 412 and 
virtual links 414. Each node 408 within BLSR 404 is aware of substantially all available 
time slots of physical links 412 within BLSR 404. 

Virtual links 414 facilitate a determination at node A 408a regarding which 
10 common time slots are available between node A 408a and substantially any node 408 in 
BLSR 404 which does not have a direct physical link to node A 408a. In the embodiment 
as shown, node A 408a has a virtual link 414a to node C 408c, a virtual link 414b to node 
D 408d, and a virtual link 414c to node F 408f. 

15 To create virtual links 414 which begin at node A 408a, node A 408a uses 

information about time slots that are available in relevant links 412. For instance, to 
construct virtual link 414a between node A 408a and node C 408c, node A 408a may 
compare the available time slots on link 412a to the available time slots on link 412b, and 
identify common time slots. The time slots that are common between link 412a and link 

20 412b may then be advertised as a direct link from node A 408a to node C 408c in the 
form of virtual link 414a. 

Virtual link 414a between node A 408a and node C 408c allows node A 408a to 
advertise a time slot or time slots that are consistent or common on link 412a and link 

25 412b, as previously mentioned. For example, if time slot "5" is available for use on link 
412a, and time slot "5" is available for use on link 412b, then virtual link 414a effectively 
enables node A 408a to advertise a link, or a tunnel, between node A 408a and node C 
408c that uses time slot "5." It should be appreciated that if time slot "6" is also available 
for use on link 412a and on link 412b, then virtual link 414a also enables node A 408a to 

30 advertise that time slot" 6" is also available on virtual link 414a. Hence, virtual link 414a 
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may be considered to be a representation of a substantially direct link between node A 
408a and node C 408c which passes through intermediate node B 408b. 

In addition to advertising time slots which are available on physical links 412 and 
5 virtual links 414, node A 408a also advertises the amount of bandwidth associated with 
physical links 412 and virtual links 414. As will be appreciated by those skilled in the 
art, bandwidth associated with each link 412 is dependent upon the number of available 
working time slots available on each link 412. By way of example, if link 412a is an OC- 
192 link, then the maximum bandwidth available on any given time slot of link 412a may 
1 0 carry a OC-48c signal, which is typically formed by concatenating forty eight 

synchronous transport signal level one (STS-1) signals then transmitting the concatenated 
signal optically. The minimum bandwidth available on any given time slot of link 412a 
may be a single STS-1, although if virtual tributary (VT) traffic may be carried, the 
bandwidth maybe even smaller, e.g., consistent with a VT1.5 or a VT2. 

15 

The maximum bandwidth that is advertised with respect to virtual links 414 is 
dependent upon the number of time slots which are available with respect to the virtual 
links 414. For instance, if virtual link 414a is an OC-192 link, then the maximum 
bandwidth on a working time slot when all working time slots are available may be 
20 consistent with OC-48c. The minimum bandwidth, of VT traffic may not be carried, is 
typically STS-1. If some working time slots are not available, then the maximum 
bandwidth on a working time slot advertised with respect to virtual link 414a may be 
lower, as the total bandwidth available to the available working time slots is reduced. 

25 Each node 408 in BLSR 404 is aware of available time slots on every other node 

408 in BLSR 404, as will be appreciated by those skilled in the art. In one embodiment, 
each node 408 is also aware of substantially every virtual link 414 in BLSR 404. 
Knowledge of substantially every virtual link 414 may be obtained by nodes 408 when a 
node associated with a particular virtual link 414 advertises the particular virtual link 414. 

30 By way of example, node 408a may advertise the availability of virtual link 414a. 



Attorney Docket No. CISCP693 



14 



PATENT 



Virtual link 414b is a representation of a link between node A 408a and node D 
408d. If time slot "5" is available on links 412a-c, then virtual link 414b may be viewed 
as a substantially direct link between node A 408a and node D 408d. Virtual link 414c is 
5 a representation of a link between node A 408a and node F 408f which uses consistent, 
e.g., the same or common, time slots in a segment of a circuit path that is created between 
node A 408a and node F 408f. 

If node D 408d is a destination node, then node A 408a will either select a time 
10 slot associated with a direct physical link 412 to node D 408d, if one is available, or a 
time slot associated with a virtual link 414 to node D 408d. As shown, there is no direct 
physical link 412 between node A 408a and node D 408d. Therefore, node A 408a will 
select virtual link 414b for use in sending data to node D 408d. 

15 It should be appreciated that by selecting virtual link 414b, a circuit path segment 

is effectively being routed between node A 408a and node D 408d using physical links 
412a-c. In other words, the selection of virtual link 414b, which is associated with a 
specified time slot, essentially causes a path segment to be routed from node A 408a to 
node B 408b on the specified time slot of link 412a, from node B 408b to node C 408c on 

20 the specified time slot of link 412b, and from node C 408c to node D 408d on the 

specified time slot of link 412c. Once a path segment is routed through BLSR 404 from 
node A 408a to node D 308d, a segment may be routed from node D 308d to a node G 
416, which is outside of BLSR 404, using a link 419. 

25 In one embodiment, a virtual link, e.g., virtual link 414a, may advertise 

substantially all available time slots between node A 408a and node C 408c. 
Alternatively, separate virtual links may be advertised between node A 408a and node C 
408c for each available time slot between node A 408a and node C 408c. For an 
embodiment in which each virtual link 414 may advertise more than one available time 

30 slot between two particular nodes 408, then the minimum and maximum available 
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bandwidth associated with each virtual link 414 may also be advertised, as discussed 
above. 

As shown in Fig. 4b, virtual links may be used in the creation of circuit path 
5 segments which are initiated at substantially any node within a BLSR. Fig. 4b is a 
diagrammatic representation of a BLSR which includes nodes 408 that have the 
capability to determine virtual links in accordance with an embodiment of the present 
invention. As previously mentioned, a BLSR generally has fibers which enable data to 
be transferred in two directions, e.g., in a clockwise direction and a counter-clockwise 
10 direction. BLSR 404, as shown in Fig. 4a, includes links 412 between nodes 408 which 
allow data to be transferred in a clockwise direction. A BLSR 404' is shown to include 
links 422 between nodes 408. It should be understood that links 412 and links 422 are 
generally included in BLSR 404. However, for ease of illustration, links 412 are 
illustrated in Fig. 4a and links 422 are illustrated in Fig. 4b. 

15 

Data that is to be routed through BLSR 404' from a source node D 408d to a 
destination node A 408a is received on source node D 408d from an external node 428 
through link 430. Source node D 408d advertises time slots that are available for use 
with respect to node D 408d, as well as other nodes 408 within BLSR 404'. Such links 

20 may include physical links 422 and virtual links 424, once virtual links 424 are 
computed. Virtual links 424 facilitate a determination at node D 408d as to which 
common time slots are available between node D 408d and any other node 408 within 
BLSR 404' which does not have a direct physical link to node D 408d. As shown, node 
D 408d has a virtual link 424a to node B 408b, a virtual link 424b to node A 408a, and a 

25 virtual link 424c to node E 408e. 

The present invention may be implemented on network element, e.g., a node, 
within a BLSR. Typically, the node may either include or be associated with a 
computing device. Fig. 5 illustrates a typical, general purpose computing device or 
30 computer system suitable for implementing the present invention. A computer system 
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1030 includes any number of processors 1032 (also referred to as central processing 
units, or CPUs) that are coupled to memory devices including primary storage devices 
1034 (typically a random access memory, or RAM) and primary storage devices 1036 
(typically a read only memory, or ROM). ROM acts to transfer data and instructions uni- 
5 directionally to the CPU 1032, while RAM is used typically to transfer data and 
instructions in a bi-directional manner. 

CPU 1032 may generally include any number of processors. Both primary 
storage devices 1034, 1036 may include any suitable computer-readable media. A 

10 secondary storage medium 1038, which is typically a mass memory device, is also 

coupled bi-directionally to CPU 1032 and provides additional data storage capacity. The 
mass memory device 1038 is a computer-readable medium that maybe used to store 
programs including computer code, data, and the like. Typically, mass memory device 
1038 is a storage medium such as a hard disk or a tape which is generally slower than 

15 primary storage devices 1034, 1036. Mass memory storage device 1038 may take the 
form of a magnetic or paper tape reader or some other well-known device. It will be 
appreciated that the information retained within the mass memory device 1038, may, in 
appropriate cases, be incorporated in standard fashion as part of RAM 1036 as virtual 
memory. A specific primary storage device 1034 such as a CD-ROM may also pass data 

20 uni-directionally to the CPU 1 032. 

CPU 1032 is also coupled to one or more input/output devices 1040 that may 
include, but are not limited to, devices such as video monitors, track balls, mice, 
keyboards, microphones, touch-sensitive displays, transducer card readers, magnetic or 

25 paper tape readers, tablets, styluses, voice or handwriting recognizers, or other well- 
known input devices such as, of course, other computers. Finally, CPU 1032 optionally 
maybe coupled to a computer or telecommunications network, e.g., a local area network, 
an internet network or an intranet network, using a network connection as shown 
generally at 1042. With such a network connection, it is contemplated that the CPU 1032 

30 might receive information from the network, or might output information to the network 
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in the course of performing the above-described method steps. Such information, which 
is often represented as a sequence of instructions to be executed using CPU 1032, may be 
received from and outputted to the network, for example, in the form of a computer data 
signal embodied in a carrier wave. The above-described devices and materials will be 
5 familiar to those of skill in the computer hardware and software arts. 

Fig. 6 is a process flow diagram which illustrates the steps associated with 
substantially automatically computing a circuit path segment through a BLSR which 
accounts for common channel or time slot requirements in accordance with an 

10 embodiment of the present invention. A process 602 of computing a circuit path segment 
which is initiated at a source node A begins at step 604 in which node A communicates 
with other nodes in a BLSR about available time slots on physical links. In other words, 
node A is made aware of which time slots are currently available for use in transferring 
data across specific links. It should be appreciated that within a BLSR, substantially all 

15 nodes are aware of which time slots are available on physical links within the BLSR. 

Once node A is aware of available time slots on physical links, information 
pertaining to the available time slots may be used to generate virtual links associated with 
node A in step 608. That is, node A, or a computing device that is associated with or in 
20 communication with node A, computes virtual links associated with node A. A virtual 
link may be arranged to be used to advertise substantially all time slots available for use 
in transferring data between node A and the end node of the virtual link. In one 
embodiment, a computing device that is associated with node A may also compute virtual 
links for substantially all other nodes included in the BLSR. 

25 

After virtual links are generated in step 608, the available bandwidths associated 
with physical and virtual links may be determined in step 612. Typically, the minimum 
and maximum available bandwidths on virtual links and physical links are determined 
using information about available timeslots, e.g., by node A or by a computing device 
30 that is in communication with node A. In step 616, once available bandwidths are 
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determined, the virtual links, available time slots on physical links, and available 
bandwidths are advertised on node A. 

A suitable virtual link or a suitable physical link is selected in step 620, and a 
5 circuit path segment through the BLSR is computed between node A and a destination 
node. It should be appreciated that node A and the destination node may be in 
communication through a single physical link. Alternatively, node A may be in 
communication with the destination node through a virtual link, i.e., through more than 
one physical link. When a virtual link is used to transfer data between node A and the 
10 destination node, the actual circuit path segment passes through the physical links that are 
substantially identified by the virtual link. 

Once a circuit path segment is computed between node A and a destination node, 
information regarding available time slots in the BLSR is updated. Accordingly, in step 

1 5 624, node A communicates with other nodes in the BLSR about available time slots. In 
one embodiment, information regarding available time slots is substantially always 
updated, e.g., at predetermined intervals. In another embodiment, however, the 
information regarding available time slots may be updated in response to a request to 
route a circuit path segment through the BLSR. After information pertaining to available 

20 time slots is gathered, the information is used to generate virtual links in step 628, and 
available bandwidths for virtual links and physical links is determined in step 632 based 
on the information about available time slots. 

From step 632, process flow proceeds to step 636 in which it is determined 
25 whether any change in minimum or maximum available bandwidths. In other words, it is 
determined whether the minimum and maximum available bandwidths have changed 
since the circuit path segment was computed in step 620. If it is determined that neither 
the minimum available bandwidth nor the maximum available bandwidth has changed, 
then process flow returns to step 624 where node A communicates with other nodes about 
30 available time slots. 
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Alternatively, if it is determined in step 636 that either or both the minimum 
available bandwidth and the maximum available bandwidth have changed, then process 
flow proceeds to step 640 in which new or updated virtual links, new or updated available 
5 time slots on physical links, and new bandwidths are advertised on node A. Then, in step 
644, it is determined whether a new circuit path segment is to be computed starting at 
node A. If it is determined that a new circuit path segment starting at node A is to be 
computed, then process flow returns from step 644 to step 620 in which the circuit path 
segment is substantially automatically computed. On the other hand, if it is determined in 
10 step 644 that a new circuit path segment starting at node A is not to be computed, then 
process flow returns to step 624 in which node A communicates with other nodes in the 
BLSR about available time slots. 

Although only a few embodiments of the present invention have been described, 
15 it should be understood that the present invention may be embodied in many other 

specific forms without departing from the spirit or the scope of the present invention. By 
way of example, although nodes within a BLSR have generally been described as using 
information pertaining to time slots which are free or available on physical links in order 
to effectively create virtual links, external computing devices may also be used to 
20 determine virtual links. In other words, computing devices which are in communication 
with nodes of a BLSR, but are substantially external to the nodes, may be used to create 
virtual links. As will be understood by those skilled in the art, BLSR protocols specify 
that time slot or channel information be exchanged only within a BLSR. In order to 
enable an external computing device to obtain such information, the external computing 
25 device may be in communication with a node which would send such information to the 
external computing device. The external computing device may then computer virtual 
paths and, hence, circuit path segments. 

While the present invention has been described as being suitable for use with 
30 respect to a TDM network that is subject to SONET standards, the present invention is 
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suitable for a variety of different networks. Other suitable networks include, but are not 
limited to, networks that are subject to a synchronous digital hierarchy (SDH) standard. 
Further, the methods of the present invention, as well as variations of the methods, are 
suitable for use with substantially any BLSR, e.g., two fiber or four fiber architectures. 

5 

In general, the steps associated with methods of computing a circuit path segment 
within a BLSR may be widely varied. Steps may be added, removed, altered, or 
reordered without departing from the spirit or the scope of the present invention. For 
example, steps associated with computing virtual links between different source nodes 
10 and destination nodes may be added. Therefore, the present examples are to be 

considered as illustrative and not restrictive, and the invention is not to be limited to the 
details given herein, but may be modified within the scope of the appended claims. 
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